INTRODUCTION 78
Peatlands occupy a small area (3% of global terrestrial area) but have 79 where t is the index of the sampling date in each plot. Our sampling interval was 214 basically 1 month, but it changed in plots and dates. Therefore, the ΔGWL is 215 standardized by 30 days in Eq. 2. The positive ΔGWL indicates the rise in the GWL 216 measured using soil core of 100 mL by digital soil volume analyzer (DIK-1150, Daiki-243 Rika, Saitama, Japan). The porosity was used to convert the volumetric water content to 244 water-filled pore space (WFPS), which represented the proportion of volumetric water 245 content to porosity. The WFPS was divided into three ranges (low, intermediate and 246
high WFPS) by the first and third quartiles of WFPS in the whole dataset to represent 247 the dryness of surface soil moisture. 248
Statistical analyses 249
First of all, SR rate data was log-transformed because they did not follow a normal 250 distribution according to the Shapiro test (P < 0.001), and they were well fitted by log 251 normal distribution (Fig. 2) . 252
The one-way ANOVA and the Tukey HSD test was carried out for the log SR rate, 253 T s , GWL and WFPS to compare among plots. The one-way ANOVA and the Tukey 254 HSD test was carried out for log SR rate to compare among GWL changing directions. 255
The two-way ANOVA and Tukey HSD test was carried out for log SR rate to compare 256 among GWL changing directions and WFPS ranges in each land use. 257
The multiple regression analysis of the log SR rate with GWL, WFPS and T s were 258 performed with the whole dataset. However, accuracies of these regressions were quite 259 small. Therefore, the SR rate was fitted by the GWL using hierarchical Bayesian 260 analysis as below: 261
where α jkl and β jkl are the parameters that are different among GWL changing directions, 262 WFPS ranges, and land uses; σ y is the scale parameter. The exp(α) represents the SR 263 rate at the GWL = 0 m. The GWL changing directions have 3 levels (j = 1 as drying, 2 264 as rewetting, and 3 as fluctuating), the WFPS ranges have 3 levels (k = 1 as low, 2 as 265 where µ α and µ β are the grand mean of α and β in the whole dataset including all GWL 270 changing directions, WFPS ranges and land uses; σ α and σ β are the standard deviation of 271 α and β, respectively. γ αj , γ βj , δ αk , δ βk , λ αl and λ βl are constrained by zero-sum binding 272 condition that was analogy with analysis of variance (Qian and Shen 2007) . 273
To avoid the arbitrary selection of prior distributions, relatively flat prior 274 distributions, called as the weakly informative prior distributions, were selected for the 275 parameters above. Half-Cauchy distribution (Gelman 2006) was applied for γ αj , γ βj , δ αk , 276 δ βk , λ αl , λ βl , σ y , σ α and σ β , and normal distribution was applied for µ α and µ β . The posterior regression was evaluated by the correlation of the observed log SR rate with the 285 predictive mean of the regressed log SR rate. 286 95% credible interval (CI) of the α and β was defined as the interval of the 287 posterior distribution between 2.5%tile and 97.5%tile of the α and β, respectively. We 288 defined the significance of a regression coefficient (α and β) as the 95% CI did not 289 include 0. Also, we defined the significant difference of two regression coefficients was 290 defined that the 95% CIs were not overlapped each other. 291
The significant α and β were selected only, and the Pearson's correlation analysis 292 was performed to investigate the controlling factors of the α and β by the environmental 293 factors including the soil physicochemical properties. According to the results of 294
Shapiro-Wilk normality test, both α and β did not significantly violate the normality. 295
All the statistical calculations were carried out by R software (R Development 296
Core Team 2015; version 3.1.3). 297
RESULTS 298
3.1. Soil physicochemical properties 299 Table 1 shows the soil physicochemical properties in the study plots. Peat 300 thickness varied from 3.1 m (the CL and GL) to 6.5 m (BL1 and BL2). Bulk density 301 was larger in the CL and GL, which reflected in the smaller porosity in these land uses. 302
Soil pH was higher in the CL, which resulted from higher exchangeable Ca content due 303 to the application of ash. Higher NH 4 content in the FL might be caused by larger N 304 supply by litter and larger N mineralization, and higher NO 3 content in the CL might be 305 caused by larger nitrification. 306 3.2. Soil temperature, groundwater level, and water-filled pore space 307
There was no clear seasonal and inter annual variation in T s . Soil temperature T s 308 was significantly higher in the CL and GL than in the BF and FL, and that in the FL was 309 the lowest (Table 5) . 310
Groundwater level (GWL) was significantly deeper in the CL and GL than in the 311 There was a significant correlation between the WFPS and the GWL, and the slope 327 of the WFPS to the GWL was steeper in the BL and FL than in the CL and GL (Fig. 5) . 328
This indicates that the WFPS change with the GWL change was more in the BL and FL 329 than the CL and GL. we did not consider the effect of peat fires on the SR rate in the BL. The SR rate was 335 significantly different among plots (P < 0.001), and the largest SR rates were observedin CL1-3 (Table 5 ). The SR rate was not significantly different within the same land 337 use except FL1 (Table 5) . Therefore, one-way ANOVA and the Tukey HSD test were 338 performed for the SR rate to compare among land uses. The largest SR rate was 339 obtained in CL, and the smallest SR rates were obtained in BL and FL (P < 0.001, Table  340 6). 341
Next, two-way ANOVA and the Tukey HSD test were performed for the SR rate to 342 compare among GWL changing directions and WFPS ranges in each land use. 343
Compared among GWL changing directions, the SR rate in the CL was significantly 344 higher during the rewetting period than during the drying period in the high WFPS 345 range, but not in the low-intermediate WFPS ranges (Table 6 ). However, in contrast, 346 the SR rate in the BL was significantly lower during the rewetting period than during 347 the drying period in the low WFPS range, but not in the intermediate-high WFPS 348 ranges (Table 6 ). In the whole WFPS ranges, the SR rate in the CL was significantly 349 higher in the rewetting period than in the drying and fluctuating periods (Table 6 ). In 350 contrast, the SR rate in the BL was significantly smaller in the rewetting period than in 351 the drying period in the whole WFPS ranges (Table 6) . 352
Compared among different WFPS ranges, the significantly higher SR rates in the 353 low WFPS range than in the high WFPS range were obtained in the drying period in BL, 354 in the rewetting period in FL and in the fluctuating period in FL (Table 6 ). In the whole 355 periods of GWL changing directions, the significantly lower SR rates were obtained in 356 the high WFPS range than in low WFPS range in BL and FL, but not in CL (Table 6) . 357
The SR rate was not different significantly in any cases in the GL (Table 6) . 358
The relationship between soil respiration rate and groundwater level 359
The relationships between SR rate and GWL in each GWL changing direction, 360 WFPS range and land use were shown in Fig. 7 . The peak in the SR rate mainlyappeared between 0.8 and 0.4 m of the GWL. 362
Linear regression analyses were carried out for the log-transformed SR rate by 363 GWL, WFPS and T s (Table 7) . However, the accuracies of these regressions were low 364 especially with WFPS (Table 7) . Next, dataset was divided by the combination of GWL 365 changing directions (3 levels), The WFPS ranges (3 levels) and land uses (4 levels), and 366 the linear regressions between the log-transformed SR rate and GWL were applied for 367 each sub-dataset (3×3×4 = 36 sub-datasets). However, the significant relationships were 368 obtained from only four sub-datasets (P < 0.05). Therefore, hierarchical Bayesian 369 analysis was applied. 370
The SR rate was regressed by the GWL significantly using hierarchical Bayesian 371 analysis, and the accuracy of the regression of hierarchical Bayesian analysis was 372 improved from the log-transformed linear regression (Table 7) . The results of 373 hierarchical Bayesian analysis showed all the intercepts (α) were significant (Table 8) . 374
The α varied from 3.97 to 5.72, which indicated that the SR rate at GWL = 0 m varied 375 from 53 to 306 mg C m −2 h −1 . The α was significantly larger in the CL, followed by GL, 376 FL and lastly BL (Table 8 ). The α in each land use was significantly smaller in the high 377 WFPS range than in the low-intermediate WFPS ranges except GL in the drying period 378 (Table 8 ). All slopes (β) values in the high WFPS range were significant, but not in the 379 low-intermediate WFPS ranges (Table 9 ). The significant β varied from 0.26 to 1.21. In 380 the whole GWL changing directions in the high WFPS range, the steepest β was 381 obtained in the FL, and the flattest β was obtained in the CL and GL (Table 9 ). The β in 382 the high WFPS range was significantly steeper in the rewetting period than in the 383 fluctuating period in BL, CL and FL, and was significantly steeper than in the drying 384 period in BL and CL, respectively (Table 9) . 385 A correlation analysis was performed for the significant intercept (α) and slope (β)with environmental factors including the soil physicochemical properties (Table 10) . 387
The α was significantly correlated with relative humidity, T s , peat depth, bulk density, 388 pH, total C and N, WSOC, CEC, exchangeable Na + and Ca 2+ , NH 4 + and NO 3 − contents 389 in the soil (Table 10 ). The β was significantly correlated with exchangeable Na + and 390
Mg
2+ in the soil. 391
DISCUSSIONS 392

Effect of rewetting and drying on soil respiration 393
Hierarchical Bayesian regression succeeded in explaining SR rate by GWL more 394 than log-transformed linear regression due to the consideration of GWL changing 395 directions, WFPS ranges and land uses (Table 7) . Therefore, we will discuss about the 396 characteristics of the SR rates in tropical peatland and their controlling factors based on 397 the results from hierarchical Bayesian analysis. 398
The largest SR rate was observed in the CL (Table 6 ). In our study, the mean 399 WFPS in the CL was in the intermediate WFPS range as 0.54-0.75 m 3 m −3 (Table 5) rewetting also enhance SR rate as well as deepening GWL. The larger SR rate was 408 found in the rewetting period than in the drying period in the high WFPS range in the 409 CL (Table 6 ), in which the mean GWL was deeper than 0.6 m (Table 5) . A lso, the β(the slope of the log SR rate to GWL) in the CL were larger during the rewetting period 411 than during the drying and fluctuating periods in the high WFPS range (Table 9) . These 412 results suggest that the SR rate in the CL during the rewetting period is strongly 413 enhanced by "soil-drying effect" (Birch 1958), and is also rapidly decreased by further 414 rise in GWL inducing anaerobic condition (Couwenberg et al. 2010) .
period. This soil-drying effect might also contribute the largest SR rate in the CL. 422
All slopes (β) in the high WFPS range were significant, but the β in the low-423 intermediate WFPS ranges were significant only in some cases (Table 9 ). This suggests 424 that GWL may not control SR rate in the low WFPS ranges. As well known, the 425 controlling factors of SR rate are mainly temperature and moisture. In the case of 426 tropics, as temperature is always high enough, usually soil moisture become major 427 controlling factor for the SR rate The effect of macropore system on drainage was seen more strong in the BL and 447 FL than in the CL and GL, because the slope of the relationship between WFPS and 448 GWL was steeper in the BL and FL than in the CL and GL (Fig. 5) , that is, the WFPS 449 was increased more rapidly with rising GWL in the BL and FL than in the CL and GL. 450
This may lead to rapid decrease of the SR rate with the further rise in the GWL. In fact, 451 the slope β was steeper in the BL and FL than in the CL (Table 9) . Also, the SR rate in 452 the whole WFPS range was significantly lower during the rewetting period than during 453 the drying period in the BL (Table 6) , which was opposite result from the CL. Therefore, 454 the effect of macropore system on drainage might be a reason why the effect of 455 rewetting on SR rate was negative in the BL, or was not found in the FL. The GL soils 456 kept the GWL deep, and the WFPS seldom reached the high WFPS range, which might 457 be a reason why the effect of rewetting on SR rate was not found in the GL. In contrast, 458 the mean WFPS in the CL was in the intermediate WFPS, and the WFPS in the CL 459 often reached the high WFPS range, which might result in the positive effect of the 460 rewetting on SR rate. 461
Controlling factors for the intercept and the slope 462
The α and β were significantly correlated with the environmental factors including 463 the soil physicochemical properties (Table 10) The significant correlation of the α with peat thickness, bulk density, pH, total C 474 and N contents, CEC and exchangeable Ca 2+ content might result from land use change 475 from the FL to the CL and GL by reclamation of peatland. The reclamation of peatland 476 for agricultural uses requires drainage, and it has been reported that the reclamation and 477 drainage of peatland decreases peat thickness, increases bulk density, decreases total C 478 and N contents, and decreases CEC (Ramchunder et al. 2009 ). Therefore, the significant 479 correlations with these soil physicochemical properties might reflect that the SR rate 480 was enhanced by the reclamation and drainage in the CL and GL. Also, farmers in this 481 area generally apply ash every cropping, which resulted in high content of exchangeable 482 Ca 2+ in the CL (Table 1) , and could have increased soil pH in the CL from the other 483 land uses. The neutralization of soil acidity promotes microbial activity that leads to the 484 enhancement of organic matter decomposition (Murakami et al. 2005) . Therefore, the 485 application of ash in the CL could be one of the causes of large SR rate in our study. 486
The significantly negative correlation of the α with NH 
CONCLUSIONS 500
The SR rate was the largest in the CL, and the smallest in the BL and FL. In the CL, 501 the rewetting of the soil significantly enhanced SR rate in the high WFPS range due to 502 the soil-drying effect, while the further rise in GWL rapidly repressed SR rate by 503 anaerobic condition. In contrast, the rewetting of the soil significantly decreased SR rate 504 in the high WFPS range in the BL compared to the drying of the soil, and the effect of 505 rewetting could not be found in the FL and GL. 506
The SR rate was significantly regressed by the GWL mainly in the high WFPS 507 range using hierarchical Bayesian analysis. The intercept (α) of regression equation for 508 the SR rate to the GWL was promoted by the high temperature, the dry conditions, and 509 the neutralization of soil pH, but the slope (β) was not well explained. Tables 737 Table 1 738
The major soil physicochemical properties in this study sites in the surface 10 cm depth in tropical peatland in Central Kalimantan 
746
